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Abstract
A novel method for improving autofocusing capability by using wavelet-based correlation is proposed. Experimental
results show that the proposed wavelet-based analysis could detect slightly out-of-focused images. Therefore, it could
improve autofocusing capability. q 1998 Elsevier Science B.V. All rights reserved.
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In the ancient days of photography, focusing a camera
meant laboriously twisting the lens barrel until an image in
the viewfinder was in a sharp focus. An autofocus technol-
ogy today has made focusing as painless as pressing a
shutter button. In order to obtain a sharp image, the
autofocus camera bounces an infrared light beam off sub-
jects. From the time difference between the transmitted
and reflected beams, the distance between the subject and
the camera is calculated. This information is then used for
controlling a motor to adjust a focusing lens of the camera
into a correct position. However, the disadvantage of this
technique is that it is not as precise as a measuring subject
contrast which is used widely in most single-lens reflex
cameras. For this reason, recently Jutamulia et al. have
proposed a new autofocusing technique based on power-
spectra analysis which is applicable to telescopic, micro-
w xscopic, opthalmoscopic, or endoscopic camera as well 1 .
In their report, autofocusing is achieved by taking an
autocorrelation of the observed image. If the image is
focused, then its autocorrelation peak is sharp. This result
is due to edges of the image exist. Whereas, if the image is
blurred, the resultant peak is broad. Therefore, the adjust-
ment of the lens position could be controlled by the width
of the autocorrelation peak. In order to implement the
technique, either ring detector or a joint-transform correla-
tor have been suggested. However, on the basis either
power spectra or autocorrelation function, it is hard to
determine the in-focused from the slightly out-of-focused
images, since the width of either their autocorrelation
functions or their power spectra are approximately the
same.
In this work, we propose a new technique to improve
the autofocusing capability of the above mentioned cam-
eras by using a wavelet analysis. The reason for this
 .interest is that a wavelet transform WT is useful for an
w xenhancement of edge features in images 2 . We have
verified that the edge-enhancement property of the WT is
powerful for improving pattern discrimination and associa-
w xtion 3–5 . On the basis of the fact that the autocorrelation
of the edge-enhanced image produces a sharper peak than
of the original image, the wavelet-based correlation could
be used to detect slightly out-of-focused images.
The autocorrelation of the wavelet-transformed image
is given by
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